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Indian Standard 

PERMISSIBLE LIMITS AND TEST METHODS FOR 

TOXIC MATERIALS RELEASED FROM 

ENAMELW ARE IN CONTACT WITH FOOD 

0. FOREWORD 

0,1 This standard was adopted by the Indian Standards Institution on 
1 January 1987, after the draft finalized by the Ceramicware Sectional 
Committee had been approved by the Chemical Division Council. 

0.2 The problem of lead and cadmium released from enamelled food- 
ware specially coloured and decorated ones requires effective means of 
control to ensure protection of the user against possible hazards (see 
Appendix A ) arising from improperly formulated, applied and fired 
enamels and decorations on the surfaces of enamelled foodware used 
for the preparation, storage or serving of food and beverages. 

0.3 For the purpose of deciding whether a particular requirement of 
this standard is complied with, the final value, observed or calculated, 
expressing the result of a test, thall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this 
standard. 



1. SCOPE 

1,1 This standard prescribes the permissible limits and the methods of 
test for the release of the toxic materials, lead and cadmium, from 
vitreous enamelware including tanks and vessels which are intended to 
be used for the preparation, serving and storage of food or drinks. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the definitions given in 
IS : 2717-l979t in addition to the following, shall apply. 

2.1 Cookingware — Articles which are intended to be used by heating 
in the course of preparation of food and drinks. 

2.2 Foodware — Articles which are intended to be used without heating 
for the preparation, serving and storage of food and drinks. 

*Rules for rounding off numerical values ( revised), 

jGlossary of terms relating to vitreous enamelware and ceramic metal systems. 
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2.3 Flatware — Articles having ah internal depth not exceeding 25 mm, 
measured from the lowest internal point to the horizontal plane passing 
through the point of overflow. 

2.4 Hollow-ware ■— Articles having an internal depth greater than 
25 mm, measured from the lowest internal point to the horizontal plane 
passing through the point of overflow. 

2.4.1 Small Hollow-ware — Hollow-ware with a capacity of less than 
ri litres. 

2.4.2 Large Hollow-ware — Hollow-ware with a capacity of Tl to- 
5 litres. 

2.5 Tank and Vessel — Article having a capacity of 5 litres or more. 

2.6 Test Solution — The simulating solvent to be used in the test to- 
extract lead and cadmium from enamel articles. 

2.7 Toxic Material — Lead or cadmium extracted from enamel foodware 
being tested. 

2.8 Vitreous Enamelled Ware — A metallic article coated with vitreous, 
enamel. 

3. LIMITS OF RELEASE 

3.1 The quantity of lead ( as Pb ) and cadmium ( as Cd ) extracted shall 
not exceed the limits given in Table I . 

4. METHODS OF TEST 

4.1 Lead and cadmium shall be tested by methods given in Appendix B. 

5. DETERMINATION OF THE TYPE OF EN AMELWARE 

5.1 From each identical group of articles to be tested, put one specimen 
on a flat, horizontal surface and fill it with water to the point of over- 
flow. Measure the height of the water from the lowest internal point of 
the horizontal plane passing through the point of overflow and the 
height is noted. If the height does not exceed 25 mm, the article is 
regarded as flatware. If the height is greater than 25 mm, the article is- 
regarded as hollow-ware. 

6. DETERMINATION OF FILLING VOLUME 

6.1 Place the specimen on a flat, horizontal surface and fill with water 
to 5 mm from overflowing, as measured along the surface of the article. 
Measure the volume to an accuracy of the di 2 percent. This volume 
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TABLE 1 PERMISSIBLE LIMITS OF TOXIC MATERIALS RELEASED FROM 
ENAMELWARE IN CONTACT WITH FOOD 

( Clause 3.1 ) 

Sl Nature of Type of Enamelware Maximum Lead Maximum Cadmium 

No, Use Release Release 



_A 



mg/dm* mg/1 mg/dm* mg/l 

(1) (2) (3) (4) (5) (6) (7) 

i) Foodware a) Flatware 1*7 — 0*17 — 

( Cold use ) 

b) Small hollow- — 5-0 — 0*50 
ware 

c) Large hollow- — 2*5 — 0-25 
ware 

ii) Cookingware a) Flatware 0*5 — 005 — 

(Hot use) 

b) Hollow-ware — 2'5 — 0*25 

iii) Tanks and vessels By fiat specimen 1-7 — 0*17 — 

( Cold use ) 

iv) Tanks and vessels do 0*5 — 0*05 

( Hot use ) 

Note 1 — For hollow-ware the result to be rounded to the nearest 0*1 mg/I Pb 
and the nearest 01 mg/1 Cd. 

Note 2 — For flatware, the result to be rounded to the nearest 0*1 mg/dm^ Pb 
and to the nearest 001 mg/dm^ Cd. 

is noted as filling volume. Articles which can not be filled to 5 mm 
from overflowing as described above shall be painted on all surfaces 
except the reference surface with beeswax or paraffin wax and tested. 

6.2 Determination of the Reference Surface Area for Flatware — The 

reference surface area is determined by inverting the specimen on milli- 
metre squared paper and the circle drawn round the rim. The area so 
circumscribed shall be calculated and expressed in square decimetres. 

7. SAMPLING 

7.1 Samples of foodware for the determination of lead and cadmium 
shall be drawn in the following order of priority: 

a) large hollow-ware, 

b) small hollow-ware, and 

c) flat-ware. 

7.2 Test Specimen — Articles, which are highly coloured or decorated^ 
on their food contact surfaces or have a high surface area/volume 
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ratio, shall preferably be selected for testing. Six articles which are 
identical in size, colour, shape and decoration shall be tested. 

7,3 Specimen for Tanks and Vessels — For testing tanks and vessels six 

identical specimens specially prepared according to IS : 3972 ( Part 1/ 
Secl)-1982* or IS : 3972 ( Part 1/Sec 2 ).1982t depending upon the 
metal used for enamelling shall be drawn. These specimens shall be 
tested as flatware. 

8, TEST REPORT 

8,1 The test report shall include the following particulars: 

a) identification of the articles tested, for example, whether they 
were flatware or hollow-ware; 

b) the number of specimens tested; 

c) results of each single specimen; 

d) whether each single specimen satisfies the requirements for 
permissible limits of release as specified; and 

e) any operation regarded as optional in this method. 



A PPENDIX A 

( Clause 0.2 ) 
BIOLOGICAL EFFECTS OF LEAD AND CADMIUM 

A-1. EXPOSURE TO LEAD 

A-1.1 Lead is an ubiquitous element in the biosphere. Therefore, it 
will be present in the human body with the body burden depending on 
the level of environmental exposure. 

A-1. 1.1 In rural areas levels of lead in air are about 01 ptg/m^ and 
in cities 1*3 /xg/m^. Tobacco smoking may contribute to inhalation of 
lead. Estimates for absorption range from 25 percent to 50 percent of 
inhaled lead. 

A-1. 1.2 The lead concentration in municipal water is at the level of 
less than O'Ol mg/1. The WHO International Standards for drinking 
water suggest a tentative limit for lead of 1 mg/1. Assuming a daily 



♦Methods of test for vitreous enamelware: Parti Production of specimens for 
testing, Section 1 Enamelled sheet steel {first revision ). 

fMethods of test for vitreous enamelware: Parti Production of specimens for 
testing, Section 2 Enamelled cast iron {first revision ). 

6 
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consumption of 2*5 litres, the maximum lead intake will be 250 jtig per 
day. 

A-1.1.3 Results of determination of lead in total diet indicate a daily 
intake of 200-300 /xg per day. it is necessary to point out that 
approximately 10 percent of ingested lead will be absorbed. 

A-1.2 MetabGHsh 

A-1.2.1 Absorbed lead is transported primarily on the surface of the 
red blood cells and is distributed througout the body. An equilibrium 
can be established between lead absorption and urinary excretion. Above 
a critical intake level, positive lead balance will appear. As an osteotro- 
pic element, lead will be stored in the skeleton. Tiie total body burden 
of an adult is estimated to be 100-400 mg ( about 95 percent in bones ). 

A-1.1.2 Recently mobilization of lead by chelating agents, as Ca 
EDTA has been used clinically for evaluation of lead body burden. In 
adults under normal lead exposure, the blood lead level is less than 
40 /xg/100 ml of whole blood. 

A-1.2.3 Most of the ingested lead is excreted in the faeces which 
usually contain 0*22 - 0*25 mg lead per day. A very small amount is 
excreted in sweat. Urinary lead excretion is less than 1 mg/1. 

A-1.3 Toxic Effects 

A-1,3.1 Sufficiently high exposure to lead with inhibit heme 
synthesis, that is incorporation of iron into heme as well as inhibition 
of the prophyrin biosynthesis. As a consequence, the activity of ALA- 
dehydratase in the erythrocytes will be decreased, excretion of d- 
aminolaevulinic acid, coproporyhyrin, uroporphyrin and porphobihno- 
gen in urine will be increased; erythrocyte coproporphrin, protoporhyrin 
and non-haemoglobin iron store will be increated. 

A-1,3.2 Lead may cause haematologic changes, such as, an increase in 
the number of basophilic stippled cells and reticulocytes. Chronic 
exposure to higher levels of lead may cause anaemia, involving, reduced 
haemoglobin as well as the actual number of erythrocytes. Recently, 
an increase in urinary excertion of hydroxy-indolacetic acid was 
reported. 

A-1,3.3 Renal damage, especially in children, due to chronic plumbism 
has been reported in some countries. 

A-1.3.4 Exposure to higher concentrations of lead could produce 
acute poisoning which is manifested in three main forms: 

a) Abdominal colic and constipation represents the most frequent 
form; 
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b) Peripheral neuropathy is in the second place by frequency. It 
is characterized by motor involvement, particularly the extensor 
muscles of the hands, rarely of the feet. Sometimes neuropathy 
is combined with abdominal colic; and 

c) Lead encephalopathy is rarely observed in adults exposed to 
inorganic lead, but is more often seen in children. Signs include 
vomiting, irritability, drowsiness^ stupor or coma. These 
symptoms can be followed by more serious sequelae; convulsive 
or behavioural disturbances, psychomotor impairments, learning 
difficulties, etc. 

Although high lead intake has been reported to produce cardiovas- 
cular, carcinogenic teratogenic and chromosomal aberrations other 
reports have not confirmed such findings. 

A-1.4 Tolerable Intake 

A-lAl The joint FAO/WHO Expert Com^mittee recomm.ended in 
1972 a Provisional Tolerance Weekly Intake of lead of 3 mg per person 
equivalent to 0*05 mg/kg body weight. This level does not apply to 
infants and children. Any increase in the amount of lead derived from 
any one source ( Air, water, food ) will reduce the amount acceptable 
for other sources. 

A-2. EXPOSURE TO CADMIUM 

A-2.1 Cadmium is a metal with an extremely long biological half-life in 
man. Even low exposure levels may cause in time considerable 
accumulation, especially in the kidneys. Food is the main source of 
cadmium intake. Daily intakes appear to be between 10 to 15 Mg in 
some European countries and the United States of America, whereas in 
Japan the intake is higher. Cadmium may arise from various food 
containers such as cadmium plated utensils and ceramic foodware. 

A-2.1,1 The cadmium intake from water is low. The tentative limit set 
in the WHO International Standards for Drinking Water is 10 fig/litre. 
However, most municipal water supplies contain less than 1 ^g/litre and 
higher values may be due to contamination either from industrial 
sources and piping which may release cadmium. In Sweden, even near 
cadmium-emitting industries, cadmium content of drinking-water was 
not more than 1 jii-g/litre. Similar results have been obtained in Japan. 
The daily intake from water will usually contribute less than 5 Mg. 

A-2.1. 2 Cadmium in water can influence levels in food; Crustacea and 
shellfish from contaminated esturaies, and cereals, and cereals irrigated 
with water containing cadmium may exhibit elevated levels of this con- 
taminant. High levels of cadmium may also be round in certain target 
organs, such as the liver and kidneys of mammals. 



IS : 12038 - 1987 

A-2.1.3 The intake from inhaled air is low because the cadmium 
concentration is usually below 0*01 ptg/m^. However, areas close to 
cadmium-emitting industries have significantly higher levels. 

A-2.1.4 Smoking may also contribute to intake. It has been estimated 
that the smoking of 20 cigarettes per day may cause the inhalation of 2 
to 4 Mg of cadmium. Assuming an absorption of 25 percent, this would 
add 0*5 to 1 ftg per day to the body burden. 

A-2.2 Metabolism 

A-2.2.1 Less than 10 percent of cadmium ingested is absorbed. On 
the other hand, the body's uptake of inhaled cadmium depends on the 
particle size and on the pulmonary efficiency of the individual concerned. 
Respirable particles will be mainly deposited in the lower respiratory 
track and may be absorbed to a higher degree. With cadmium fumes 
the proportion may be 25 percent to 50 percent and cadmium inhaled by 
cigarete smoke may similarly absorbed to about 50 percent. With dusts, 
the evidence suggests the proportion may be some what lower parti- 
cularly if they contain a high proportion of insoluble salts, such as 
cadmium sulphide. Thus the main source of human body burden as 
cadmium is food. 

A-2.2. 2 Inside the body the cadmium at first circulates mainly in the 
plasma and accumulates primarily in the liver. The kidney is the target 
organ for cadmium, and after its initial accumulation in the liver it is 
transported, mainly in the erythrocytes to the kidney where it 
accumulates principally in the cortical tissue. 

A-2,2.3 The low molecular weight protein metallothionein, and 
probably other similar low molecular weight proteins, has an important 
function in binding the cadmium and is believed to play a major part in 
its transport to the body. Metallothionein is produced in the liver and 
has a great avidity for certain metals including cadmium and may serve 
as a detoxification mechanism. Exposure to cadmium stimulates the 
production of metallothionein, a response which apparently limits 
manifestations of cadmium toxicity. 

A-2.2.4 The urinary excretion of cadmium approximates 1-2 ftg per 
day. The capacity of the healthy kidney to excrete cadmium is limited 
and any excessive intake will result in an increased body burden and in 
particular an increase in cadmium in the renal cortical tissue. 

A-2.2.5 The body burden of cadmium in the adult is estimated to be 
10 to 30 milligrams, there being a gradual accumulation with age to a 
maximum in middle life and possibly a slight decrease in the later 
years. Some 50 percent to 75 percent of this quantity is contained in 
the liver and kidneys, apparently in association with metallothionein. 
The renal concentration of cadmium is about 40 to 50 ppm, about one 

9 
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quarter the level at which renal damage is held likely to occur, viz, 
200 ppm. 

A'-2.2.6 The slow excretion results in an extremely long biological 
half-life. Calculations have shown that assuming 005 percent of the 
total body burden is excreted daily, the biological half-like in the 
human body will be about 33 years, and assuming a daily excretion of 
001 percent the half-life would be about 18 years. These figures agree 
with estimates of 10 to 30 years of other workers. 

A-2.3 Toxic Effects 

A-2.3.1 Cadmium Related Pryieinuria and Nephropathy — Prolonged 
exposure to cadmium gave rise to renal damage. The damage is manifest 
as a tubular proteinuria, the excessive accumulation of cadmium in the 
renal cortex leading to a decreased reabsorption of proteins in the 
proximal renal tubules and an increased excretion of low molecular 
weight proteins in the urine. At a later stage there may be glycosuria 
and aminoaciduria. The appearance of the proteinuria is accompained 
by an increase in cadmium excretion in the urins and a decrease in the 
cortical cadmium content, and ultimately in the body burden of 
cadmium. Thus in cases with severe renal damage cortical cadmium 
concentrations well below 100 i^glg are found, whereas in case without 
proteinuria and no morphological kidney changes, levels of 150 to 
450 }xglg wet weight are recorded. 

A-2.4 Itai-Ital Disease 

A-2.4.1 In 1955 Japanese observers described among elderly women 
a previously unknown disease characterized by lumber pain with 
myalgia, spontaneous fractures, skeletal deformities, and tenderness of 
bones to external pressure. Epidemiological studies showed high 
concentrations of cadmium and other metals in water and food in the 
endemic region. 

A-2.4.2 While it is clear that the clinical phenomena of itai-itai 
disease are not those seen in recogized industrial poisoning, it has been 
suggested that the disease is a manifestation of long-term cadmium 
exposure modified by old age, borderline nutritional status, and the 
stressed of multiparity. The neuromuscular and skeletal signs similar 
to those observed in itai-itai disease had previously been described in a 
series of French industrial workers poisoned by cadmium in 1942. Other 
similar manifestations in industrial cadmium workers have also been 
reported. Proteinuria is invariably present in itai-itai disease, and 
glycosuria and aminoaciduria are also common. Furthermore, the 
incidence of proteinuria and glycosuria was significantly higher among 
older women and men in the endemic area than in an equivalent control 
population and the urinary excretion of cadmium was three times greater 
among the affected group. The renal manifestations of cadmium related 

10 
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disease in Japan are therefore observed in both sexes, while the 
musculoskeletal phenomena (itai-itai) appear to be confined to elderly 
women. The role of cadmium as an etiologic agent of itai-itai disease 
remain uncertain. 

A-2.5 Tolerable Intake 

A-2.5.1 The metabolic and toxicological effects of cadmium are 
difficult to assess in terms of dose-response relationships and decisions 
must be regarded as provisional. 

A-2.5.2 The joint FAO/WHO Expert Committee on Food Additives 
recommended in 1972 a provisional Tolerable Weekly Intake of 400 to 
500 Mg per person. 



APPENDIX B 

( Clause 4,1 ) 
DETERMINATION OF LEAD AND CADMIUM 

B-1. OUTLINE OF THE METHOD 

B-1.1 The articles selected for test are filled with 4 percent ( v/ v ) acetic 
acid solution and allowed to stand for 24 hours at 27'' ± 2°C in the 
absence of light This solution extracts lead and/or cadmium, if present, 
from the enamelled surface of the articles. The amounts of lead and/ 
or cadmium extracted are determined by atomic absorption spectrophoto- 
meter ( AAS ). 

B-2, TEST CONDITIONS 

B-2.1 Ambient Temperature — An ambient temperature of 27° db 2°C 
miay be maintained during extraction. 

B-2.2 While testing the extractability of lead and/or cadmium, the 
article shall be covered and steps taken to prevent the surface under 
test from being exposed to light. 

B-3. APPARATUS 

B-3,1 Atomic Absorption Spectrophotometer — Having a minim.um 
sensitivity of 0'50 mg/1 of lead 0*25 mg/1 of cadmium in 1 percent 
absorption when operated as specified in the instrument manufacturer's 
analytical methods manual. 

II 
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B-3.1,1 Line Source for Lead — 283 nm. 
B.3.1.2 Line Source for Cadmium — 229 nm. 

B-4. REAGENTS 

B-4.1 Quality of Reagents 

B-4.1.1 Unless specified otherwise, pure chemicals and distilled water 
( see IS : 1070-1977* ) shall be used in test. 

Note — *Pure chemicals' shall mean chemicals that do not contain impurities 
which affect the results of analysis. 

B-4.2 Acetic Acid — See IS : 695-1975t. 

B-4.3 Test Solvent — 4 percent ( v/v ) acetic acid solution obtained by 
adding 40 ml of glacial acetic acid to water and making up to 1 000 ml. 
The solution shall be freshly prepared from glacial acetic acid which 
has been stored in darkness. 

B-4.4 Stock Lead Solution — Dissolve 1*60 g of lead nitrate, Pb (N03)a, 
in water and dilute to 1 000 ml with water. This stock solution 
contains 1 000 mg of lead ( as Pb ) per litre. 

B-4.4.1 Standard Lead Solution — Dilute, 0, 1,2, 3, 4, 5, 6, 7, 8, 9 
and 10 ml respectively of the stock solution to I 000 ml with 4 percent 
{ v/v ) acetic acid solution to obtain standard solutions containing 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 mg of lead ( as Pb ) respectively in 
1 litre of the solution. 

B-4.5 Stock Cadmium Solution — Dissolve 1 000 g of cadmium chloride 
( CdCl2.2iH20 ) in water, add 2 ml of hydrochloric acid [ 2 percent 
{ v/v )] and dilute to 1 000 ml with water. This stock solution contains 
500 mg of cadmium ( as Cd ) per litre. 

B-4.5.1 Standard Cadmium Solutions — Dilute 0, 1,2, 3, 4, 5, 6, 7, 8, 
9 and 10 ml respectively of the stock solution to 1 000 ml with 4 percent 
( v/v ) acetic acid solution to obtain standard solutions containing 0, 5, 
rO, 1*5, 20, 2*5, 3*0, 3*5, 4'0, 4*5 and 5*0 mg of cadmium ( as Cd ) in 
1 litre of the solution. 

B-5. PROCEDURE 

B-5.1 Cleaning of the Specimens — The specimen shall be clean and 
free from grease or other matter likely to affect the test results. Wash 
the specimen at a temperature of about 40''C with solution containing 
a non-acidic detergent. Rinse in tap water and then in distilled or 



♦Specification for water for general laboratory use ( second revision ), 
tSpecification for acetic acid ( seccnd revision ). 

12 
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demineralized water. Drain and dry either in a drying oven or by 
wiping with a new filter paper to avoid any stains. After cleaning, do 
not touch the surface to be tested. Articles which cannot be filled and 
which are protected with wax as described in 6.1 shall be cleaned on the 
non-protected surface area by the same procedure but shall not be dried 
in an oven. 

B-5,2 Extraction by the Test Solution — Place the specimens on a flat, 
horizontal surface. Fill them with test solution ( B-4.3 ) of the filling 
volume using measuring cylinder. Cover the specimens to prevent 
exposure of the surface under test to light and allow to stand for 24 h 
it 10 min at room temperature. Specimens which can not be filled, 
place those inverted in a borosilicate glass vessel of suitable size and 
add the test solution ( B-4.3 ) to completely cover the specimen. Measure 
and record the volume of test solution required to an accuracy of ± 2 
percent. Cover the vessel with a cover glass and place it in the dark. 

B-5.3 Sampling of the Extraction Solution for Analysis — Mix the 

extraction solution of each single specimen by an appropriate method 
which avoids any loss of extraction solution or any abrasion of the 
surface being tested ( for example by the aid of a pipette and let the 
extraction solution run back into the specimen several times ). Do not 
dilute the extraction solution by rinsing the specimen. Transfer a 
portion of the extraction solution to a suitable storage container made 
of borosilicate glass and analyse the extraction solution. 

Note — There is a risk of adsorption of lead or cadmium onto the walls of the 
storage container, particularly when metals are present in low concentration, 
analysis of the extraction solution to determine the lead and/or cadmium concen- 
tration should be carried out without delay by atomic absorption spectrometery 
(AASj. 

B-5,4 Calibration of Apparatus — Carefully establish and standardize 
instrument operating techniques by the use of methods as recommended 
by the manufacturer of the atomic absorption spectrophotometer being 
used, so as to utilize its maximum sensitivity. As determination of lead 
concentrations as low as 0*50 mg/1 or cadmium concentration as low 
as 0'25 mg/1 required the full potential of most instruments, the 
following techniques and accessory equipment are useful: 

a) Utilize maximum gain of the available instrument consistant 
with low noise levels. 

b) Determine the amount of lead in the test solution by using a 
bracketing technique or construct a calibration curve having, 
for example, absorbance of the standard solution as abscissa and 
the corresponding lead or cadmium, in milligram per litre, as 
ordinate with the prepared standards ( see B-4.4.1 and B-4,5.1 ) 
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in the bracketing technique this procedure may be used with 
any read-out device. If available, an averaging device on the 
read-out will reduce effects of noise and improve both accuracy 
and precision. 

c) If, in the sample solution, lead is found to be higher than 
lOmg/1, take a suitable aliquot and reduce the amount to less 
than 10 mg/1 by diluting it, or higher concentrations of the 
standard solutions may be used for calibration. 

d) Carry out a blank test on the reagent used for each set of 
determination. 

Note — A similar consideration applies to the determination of cadmium. 

B-5.5 Determination of Lead and Cadmium — Draw an appropriate 
aliquot of the test solution and determine the lead and cadmium 
contents of the extraction solutions by atomic absorption spectrometer 
using the procedure specified in clause B-5.4. 

B-6. CALCULATIONS 

B-6.1 Bracketing Technique — If read-out values are percent absorption 
and the bracketing technique is used, the following equations shall 
satisfy for both lead and cadmium. The example indicates the extracted 
lead in mg/1: 

Pb, mg/1 - (^Ats'-ALs) ^ ^ ^^^^ ~ ^^^' ^ + ^^^' 

where 

A = percent absorption of unknown, 

^Ls = percent absorption of lower standard, 

^us =^ percent absorption of upper standard, 

Pbvs = mg/1 Pb in upper standard, and 

Phhs = mg/1 Pb in lower standard. 

Note — If aliquots are used in the procedure then suitable corrections 
shall be required in the calculations. 

B-6.2 Calibration Curve Technique — Read the lead or cadmium 
concentration, expressed in milligrams per litre, of the extraction 
directly from the calibration curve. 

B-6.3 Calculation of the Release Absolute Value of Lead and Cadmium — 

The absolute amount of lead or cadmium, expressed in milligrams per 
square decimetre, of flatware is calculated as follows: 

Co X r 

Ao = — z ' 

Ar 
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where 

Ao = the calculated release absolute value of lead or cadmium, 
expressed in milligrams per square decimetre for the 
specimen tested; 

Co = the lead or cadmium concentration expressed in milli- 
gram per litre of the extraction solution, obtained 
according to B-6.1 or B-6.2; 

V " the volume of the test solution used in this test, expressed 
in litres ( B-5.2 ); and 

/|o = the reference surface area, expressed in square decim.etres 
of the specimens tested. 
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INTERNATIONAL SYSTEM OF UNITS ( SI UNITS) 



Base Units 








Quantity 


Unit 


Symbol 




Length 


metre 


m 




Mass 


kilogram 


kg 




Time 


second 


s 




Electric current 


ampere 


A 




Thermodynamic 


kelvin 


K 




temperature 








Luminous intensity 


candela 


cd 




Amount of substance 


mole 


mol 




Supplementary Units 








Quantity 


Unit 


Symbol 




Plane angle 


radian 


rad 




Solid angle 


steradian 


sr 




Derived Units 








Quantity 


Unit 


Symbol 


Definition 


Force 


newton 


N 


1 N = 1 kg.m/s=' 


Energy 


joule 


J 


1 J =1 N.m 


Power 


watt 


W 


1 W = IJ/s 


Flux 


weber 


Wb 


1 Wb = 1 V.s 


Flux density 


tesla 


T 


IT =1 Wb/m' 


Frequency 


hertz 


Hz 


1 Hz = 1 c/s(s-i) 


Electric conductance 


Siemens 


S 


IS = 1 A/V 


Electromotive force 


volt 


V 


IV =1 W/A 


Pressure, stress 


pascal 


Pa 


1 Pa = 1 N/m'' 



